Type 2 diabetes increases the risk of cardiovascular mortality and these patients, even without previous myocardial infarction, run the risk of fatal coronary heart disease similar to non-diabetic patients surviving myocardial infarction. There is evidence showing that particulate matter air pollution is associated with increases in cardiopulmonary morbidity and mortality. The present study was carried out to evaluate the effect of diabetes mellitus on the association of air pollution with cardiovascular emergency room visits in a tertiary referral hospital in the city of São Paulo. Using a time-series approach, and adopting generalized linear Poisson regression models, we assessed the effect of daily variations in PM 10 , CO, NO 2 , SO 2 , and O 3 on the daily number of emergency room visits for cardiovascular diseases in diabetic and non-diabetic patients from 2001 to 2003. A semi-parametric smoother (natural spline) was adopted to control long-term trends, linear term seasonal usage and weather variables. In this period, 45,000 cardiovascular emergency room visits were registered. The observed increase in interquartile range within the 2-day moving average of 8.0 µg/m 3 SO 2 was associated with 7.0% (95%CI: 4.0-11.0) and 20.0% (95%CI: 5.0-44.0) increases in cardiovascular disease emergency room visits by non-diabetic and diabetic groups, respectively. These data indicate that air pollution causes an increase of cardiovascular emergency room visits, and that diabetic patients are extremely susceptible to the adverse effects of air pollution on their health conditions.
Introduction
Evidence obtained from both experimental and epidemiological studies indicates that air pollution may have adverse effects on both respiratory and cardiovascular systems, even though the mechanisms of cardiovascular damage are not completely known (1) (2) (3) (4) (5) .
Epidemiological approaches for evaluating the association between cardiovascular mortality and air pollution have shown increased risk of fatal events due to increased concentrations of air pollution (1, 3) . In São Paulo, Brazil, a time-series study carried out by Lin and colleagues (6) highlights the relationship between air pollutants and ischemic cardiac diseases such as angina and acute myocardial infarction, in a representative cardiovascular emergency center. An interquartile range increase in CO was associated with an increase of 6.4% (95%CI: 0.7-12.1) in daily angina or acute myocardial infarction emergency room (ER) visits. de Paula Santos and colleagues (7) , evaluating the effects of air pollution in the city of São Paulo vehicular traffic control stations found that an interquartile range increase in CO (1.1 ppm) was associated with increases of 2.6 mmHg (95%CI: 1.0-4.2), 1.8 mmHg (95%CI: 0.8-2.8), and 2.4 mmHg (95%CI: 1.1-3.6) in systolic, diastolic, and 24-h mean ambulatory blood pressure measurements, respectively. It was also shown that SO 2 had relevant effects on blood pressure as well. An interquartile range increase in SO 2 (9.6 µg/m 3 ) was negatively associated with the standard deviation of normal RR intervals -7.93 ms (95%CI: -15.3, -0.6), showing a reduction in the heart rate variability.
Other diseases can modify the effect of air pollutants on cardiovascular problems. Zanobetti and Schwartz (8) observed that, among diabetics, the risk of hospital admissions for heart diseases is 2-fold greater than that observed for non-diabetic people. The authors discussed whether both diabetes and airborne particles have been associated with decreased heart rate variability, increased thrombosis risk factors and increases in systemic markers of inflammation.
Diabetes is almost of epidemic dimensions in the world where air pollution increases annually and both factors affect the cardiovascular system. Hence, this study was carried out to evaluate the association between air pollution and cardiovascular ER visits in subjects with and without diabetes, in the city of São Paulo, located by the following coordenates: latitude 23° 34' South, longitude 46° 38' West.
Material and Methods
This is an ecological time-series study using secondary health data from the São Paulo Hospital of the Medical School of the Federal University of São Paulo, a tertiary referral teaching hospital in São Paulo's regional health system, with 600 beds and emergency service care for more than 300,000 patients annually. From January 2001 to July 2003, daily records of hypertension and cardiac ischemic disease were selected from ER visits using the International Classification of Diseases (ICD-10: I10-I25) (9) of adults over 18 years of age, with and without diabetes (ICD-10: E10-E15).
São Paulo State Sanitary Agency (CETESB) provided daily records of NO 2 , SO 2 , CO, O 3 , and PM 10 for the same period. At that time, there were 13 monitoring stations distributed throughout the city although not all of them were then capable of measuring all pollutants in the air. We thus adopted the measurements from all stations to calculate the mean values per pollutant. These averages were then used as a citywide exposure status per pollutant, with the following characteristics: CO, the measurement adopted was the highest 8-h moving average from five stations; NO 2 and O 3 concentrations were computed as the highest hourly average from four stations, and, for PM 10 (12 stations) and SO 2 (13 stations) the 24-h averages were adopted, according to the Brazilian Council for Environmental Standards (Conselho Nacional do Meio-Ambiente, CONAMA). All pollutants were measured in the period from 1 am to 12 pm. Information on daily minimum temperature and relative humidity was obtained from the Institute of Astronomy and Geophysics of the University of São Paulo (IAG-USP).
Statistical analysis
The first step taken was towards describing each variable in terms of a valid number of observation means, median, quartiles, minimum, maximum values, and standard deviation.
The daily number of cardiovascular diseases (CVD) in diabetic and non-diabetic groups were considered as the dependent variables in generalized linear Poisson regression models (10) and the PM 10 , CO, NO 2 , SO 2 , and O 3 concentrations were considered as independent variables controlling weather variables. Natural cubic spline (11) was adopted for controlling long-time trends. For timetrend smoothing, we used 5 degrees of freedom. The number of degrees of freedom for the natural spline of time trend was chosen to minimize the autocorrelation between the residuals and Akaike Information Criterion (12) . After adjustment for time- trend was done, no remaining serial correlation was found in the residuals and, therefore, the use of autoregressive terms was not necessary. Since the effect of air pollution on morbidity/mortality is distributed over time, the number of events in a single day may be due to the exposure to air pollution not only on that day but over the preceding days as well. Therefore, to better investigate this pattern we included, in single pollutant models, their daily levels ranging from the concurrent day until 6 days before the ER visit. Cumulative effects were assessed with the inclusion of 2 to 7 days moving averages of pollutant daily concentrations. Based on a previous study by our group (6), we adopted linear terms (lags 0 and 1) to control both the effects of temperature and humidity on CVD ER visits.
We estimated percentage increases and 95%CI in CVD ER visits of diabetic and non-diabetic patients due to interquartile range increases in air pollutant concentrations.
The statistical packages used were SPSS-10.0 for Windows and Splus 4.5.
Results
During the period of study, 45,000 ER visits were registered due to cardiovascular diseases, of which 700 were registered due to cardiovascular diseases in diabetic patients. Table 1 shows the descriptive analysis of the main variables included in the regression models. Daily mean of ER visits due to cardiovascular diseases in diabetic patients was almost thirty times smaller than that of nondiabetic patients. Additionally, during 50% of the periods analyzed there were no cardiovascular ER visits by diabetic patients. Air pollutant concentrations were below Brazilian air quality standards during 75% of the days studied. By any criteria, only sulfur dioxide, among the studied pollutants, did not exceed its standards at least once, and São Paulo cannot be considered a cold city as it has only a few days per year with temperatures below 10°C. Figure 1 shows temporal trends of air pollutants, temperature, humidity, and morbidity outcomes. Primary pollutants presented a seasonal pattern similar to those of Figure 1 . Figure 1 . Figure 1 . Figure 1 . Figure 1 . Time trends of air pollutants, weather variables and emergency room visit variables during the study period. CVD/ diab and CVD/nondiab are reported as daily number of cardiovascular disease emergency room visits by individuals with and Table 3 . Table 3 . Table 3 . Table 3 . Table 3 . Regression coefficients and standard error of the means for cardiovascular emergency room visits by patients with and without diabetes, due to interquartile range increases in air pollutants.
Pollutants
Regression parameters and pollutants IQR (Table 2) showed high, positive and statistically significant correlations between primary pollutants. As expected, all of them presented negative associations with temperature and humidity. Ozone was positively associated with primary pollutants and temperature, reflecting that its formation requires both, i.e., nitrogen dioxide and sunlight as precursors. Table 3 shows the regression coefficients and standard error of the means in cardiovascular ER visits by patients with and without diabetes. Sulfur dioxide and NO 2 presented positive and statistically significant associations with both outcomes. These effects were predominately acute (lag 0 and lag 1). Carbon monoxide presented an acute and statistically significant effect exclusively for non-diabetic patients. PM 10 and O 3 did not present significant effects on their results. Figure 2 shows percentage increases and 95%CI in cardiovascular ER visits of patients with and without diabetes due to interquartile range increases in CO, SO 2 , and NO 2 levels. Sulfur and nitrogen dioxide effects presented similar patterns and magnitude. From concurrent day to lag 2 and due to moving averages, effects among diabetic patients were 2-to 4-fold those observed among nondiabetic ones. Carbon monoxide effect in non-diabetics presented similar lag pattern to those observed for NO 2 and SO 2 .
Discussion
We investigated whether the effects of air pollutants on cardiovascular diseases are modified by diabetes mellitus. This hypothesis was presented by Zanobetti and Schwartz (8) who showed increases in cardiovascular admissions associated with diabetes. They observed that, among diabetics, the risk of hospital admissions for heart diseases is 2-fold greater than that observed for non-diabetic individuals.
Our study showed an acute and positive association between NO 2 , SO 2 , CO and daily cardiovascular ER visits for non-diabetic individuals, with increases ranging from 4 to 6% per each observed interquartile increase.
Increases in daily NO 2 concentrations have been associated with increased cardiovascular admissions in several studies (13) (14) (15) . CO has also been associated with admissions for cardiovascular events (16) (17) (18) (19) . Martins and colleagues (20) showed a significant association between elderly patient hospital admissions due to cardiovascular diseases and SO 2 in São Paulo, Brazil. This effect varied in degree by gender, being greater in females.
Although the number of daily cardiovascular ER visits by diabetics was not high, in the present study, the strong and significant statistical effects of atmospheric SO 2 and NO 2 concentrations were consistent with the view that diabetes potentiates the effect of air pollutants on cardiovascular disease.
Goldberg and colleagues (21) also reached similar Figure 2 . Figure 2 . Figure 2 . Figure 2 . results thus indicating that diabetics with cardiovascular disease may be more susceptible to short-term effects of air pollution. The results of our study corroborate these findings showing a 3-fold increase on morbidity index in the diabetic group. Utell and colleagues (22) suggest that imbalance of the autonomic nervous system, alterations on ion channel function in myocardial cells, ischemic responses in the myocardium, and inflammatory responses triggering endothelial dysfunction, atherosclerosis, and thrombosis may be involved in the pathophysiology of adverse cardiovascular effects of fine particulate matter.
Although these hypotheses were developed to explain cardiovascular morbidity and mortality associated with particulate air pollution, similar mechanisms might as well apply to both CO and NO 2 (23) . Both experimental (24) and epidemiological studies (25, 26) have linked CO, SO 2 , and NO 2 to cardiovascular diseases.
Allred and colleagues (27) pointed out an increase in carboxyhemoglobin levels in response to 8-h average 9-ppm CO concentrations when evaluated by time to onset of exercise-induced angina and shorter ST intervals among nonsmoking volunteers with ischemic heart diseases.
It is currently assumed that type 2 diabetes mellitus is associated with impaired endothelial synthesis of nitric oxide and that this might explain, at least in part, the increased cardiovascular risk associated with this condition (28) . Endothelial dysfunction contributes to hypertension buildup, arteriosclerosis, and coronary artery disease characterized by resistance to insulin (29) . Exposure to urban air pollution also causes inflammatory responses being associated with the progression of arteriosclerosis and increased cardiovascular mortality. Macrophages play a key role in arteriogenesis by releasing pro-inflammatory cytokines and forming foam cells in sub-endothelial lesions (30) .
Two studies published by O'Neil and colleagues (31,32) strengthen the results of epidemiological investigations like ours. The first one (31), involving 270 inhabitants of Boston, MA, USA, evaluated vascular reactivity among diabetic individuals and those with glucose intolerance. In patients with type 2 diabetes, an association between reduced endothelium-dependent flow-mediated and nitroglycerin-mediated dilations and sulfate particle (SO 4 -2 ) was found. This suggests that air pollution exposure may be associated with low coronary flow rate thus increasing the risk of coronary occlusion in diabetic patients. The other study by O'Neil (32) showed associations between air pollutants and plasmatic levels of intercellular adhesion molecule 1, vascular cell adhesion molecule 1 and von Willebrand factor in type 2 diabetic patients. These markers of inflammation are involved in thrombotic pathways and are indicators of both damage and dysfunction of the endothelium.
Based on the results of this study, we conclude that the effects of air pollution on cardiovascular ER visits among diabetes patients are greater than the effects observed among those without diabetes.
